These compounds often show interesting biological activities such as cytotoxic, antifungal, 5-lipoxygenase inhibitory, muscle relaxing, and antimicrobial activity. [1] [2] [3] [4] [5] They are also valuable as chemosystematic and genetic markers. [1] [2] [3] [4] [5] We have already reported the isolation and structural identification of a number of terpenoids and aromatic compounds with novel skeletons. [1] [2] [3] [4] [5] As a part of the search for novel skeletal compounds and their biologically active compounds in liverworts, we focused on the genus Jungermannia L. belonging to the Jungermanniaceae (Jungermanniales) since they contain various terpenoids.
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These compounds often show interesting biological activities such as cytotoxic, antifungal, 5-lipoxygenase inhibitory, muscle relaxing, and antimicrobial activity. [1] [2] [3] [4] [5] They are also valuable as chemosystematic and genetic markers. [1] [2] [3] [4] [5] We have already reported the isolation and structural identification of a number of terpenoids and aromatic compounds with novel skeletons. [1] [2] [3] [4] [5] As a part of the search for novel skeletal compounds and their biologically active compounds in liverworts, we focused on the genus Jungermannia L. belonging to the Jungermanniaceae (Jungermanniales) since they contain various terpenoids. 6 ) Jungermannia species are not only morphologically but also chemically interesting because they are polymorphic and their chemical constituents depend on the collection site. 6) There are more numerous endemic liverwort species in New Zealand in comparison with those found in Japan. Therefore we have been interested in their chemical constituents. The fractionation of the ether extract of unidentified Jungermannia species resulted in the isolation of two new ent-kaurene-type (1, 2) and a new rearranged ent-kaurene-type diterpenoid named jungermannenone A (3), along with previously known ent-kaurenes, ent-11a-hydroxy-16-kauren-15-one (4) 7) and (16R)-ent-11a-hydroxykauran-15-one (5). 7) Here we report the structure determination of the new compounds and their cytotoxic activity.
The molecular formula of compound 1 was found to be C 20 H 28 O 2 (obs. m/z 300.2090 [M] ϩ ) by high-resolution electron-impact mass spectrometry (HR-EI-MS), indicating seven degrees of unsaturation. The IR spectrum displayed a hydroxy (3487 cm
Ϫ1
) and a carbonyl group (1721 cm
). (7)-, respectively. Moreover, the heteronuclear multiple-bond correlation (HMBC) experiment clarified the connectivity of each partial structure, as shown in Fig. 1 . Accordingly, the structure of 1 was determined to be 1-hydroxy-9(11),16-kauradien-15-one. The phase-sensitive nuclear Overhauser enhancement and exchange spectroscopy (NOESY) of 1, as shown in Fig. 1 , clarified that the configuration of the hydroxy group at C-1 is a. The circular dichroism (CD) spectrum of 1 indicated first positive (352 nm) and second negative (268 nm) Cotton effects which were seen in ent-9 (11) rived from nardiin (8) . 9) Thus the absolute structure of 1 was established to be ent-1b-hydroxy-9(11),16-kauradien-15-one.
The IR spectrum of 2, the molecular formula of which was found to be The EI-MS spectrum of jungermannenone A (3) confirmed a molecular ion peak at m/z 300 [M] ϩ , and its HR-EI-MS showed the molecular formula to be C 20 H 28 O 2 (obs. m/z 300.2088). Its IR spectrum displayed the presence of a hydroxy (3463 cm The reduction of 3 with LiAlH 4 gave a diol 9 that newly displayed the methine proton (d 4.55) bearing a hydroxy group on the 1 H-NMR spectrum. The analysis of 1 H-1 H COSY of 3 clarified the presence of three partial structures, and the HMBC spectrum led to the structure as a rearranged kaurane-type diterpenoid, as shown in Fig. 3 . In the NOESY spectrum of 3, NOEs were observed between i) H-1b and H-2b, H-3b, H-5, ii) H-5 and H-1b, H-3b, H-6b, iii) H-20 and H-6a, H-2a, H-11, and iv) H-13 and H-14a, H-14b. Accordingly, the stereochemistry of the hydroxy group at C-1 was clarified to have the a-configuration. The NOESY spectrum of 9 also displayed NOEs between i) H-20 and H-
2a, H-19, H-12a, ii) H-15 and H-11, H-12b, iii) H-18 and H-19, H-5, H-3a, H-3b, H-6b, and iv) H-19 and H-18, H-20, H-2a, H-3a.
On the basis of the above spectral data, the configuration of the hydroxy group at C-15 of 9 was determined to be b. Accordingly, the structure of jungermannenone A (3) was established as shown in the drawing.
Since the present species contains ent-kaurane-type diterpenoids as the main components, compounds 2 and 3 are also presumed to be the same ent-kaurane series as compounds 1, 4, and 5.
Jungermannia species contain numerous diterpenoids such as ent-kaurene-, clerodane-, and labdane-type diterpenoids. 6) The present species contained ent-kaurenes as the main components and new rearranged ent-kaurene-type diterpenoids.
Antitumor agents induce apoptosis in some cancer cells.
10)
Apoptosis-inducing compounds are promising candidates for cancer chemotherapy. We have already reported that treatment with ent-11a-hydroxy-16-kauren-15-one (4) in a human leukemia cell line (HL-60 cells) induced apoptosis and the enone group played a pivotal role in the ability of 4 to induce apoptosis. 11, 12) Therefore we next investigated the cytotoxicity of compounds 1-3 with the enone group against HL-60 cells by colorimetric 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt (WST-8) assay. As shown in Fig. 4 , each compound exhibited cytotoxicity against HL-60 cells in a dose-dependent manner. The cytotoxicity was different among the compounds. IC 50 values of compounds 1, 2, 3, and 4 were 7.0, 0.59, 0.28, and 0.49 mM, respectively. Interestingly, treatment with all of the compounds caused proteolysis of poly(ADPribose) polymerase, a sign of activation of apoptotic machinery, whereas the feature of cell death induced by treatment with compounds 1 and 2 was necrosis (data not shown). Treatment with compound 3 induced apoptosis (data not shown). These data indicate that these diterpenes might be useful tools for investigation of the mechanism of cell death.
The detailed mechanism of the differences is now under investigation.
Experimental
Melting points were measured on a Yanagimoto micromelting points apparatus without correction. Optical rotations were measured on a Jasco DIP-1000 polarimeter. IR spectra were recorded on a Jasco FT/IR-5300 infrared spectrophotometer. UV spectra were recorded on a Shimadzu UV-1650PC UV-visible spectrophotometer. CD spectra were recorded on a Jasco J-725 spectropolarimeter. The cells (1ϫ10
